Values for the x/X light chain ratio in immunoglobulins G, A and M and the total x/): ratio, measured by enzyme linked immunosorbent assay, were evaluated in serum samples from different age groups (114 children, aged from I month to 15 years, and 20 adults).
total x IX ratio was similar to the IgG x IX ratio with an adult value of 2· O.
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The immunoglobulin xiX light chain ratio has been studied and reference values for total xiX ratio of 1·7 to 2· 0 have been described. ls Studies have also shown that the total xiX ratio in newborn children is in agreement with the maternal xiX ratio but decreases during the first months of life.!,2 Subsequently this ratio increases throughout childhood and reaches adult values at approximately the age of seven. ' Abnormal total xIX ratios have also been found in various infections,' immunological disorders-" and in some autoimmune diseases. 6 -8 Rheumatoid factor is frequently light chain restricted? and a X chain preference has been found in Graves' disease." In addition, x chains have been reported to be an important component in the genetic predisposition toward rheumatoid arthritis. to It has also been noted that certain antigens may stimulate light chain restricted antibody production.v-P The total xiX ratio reflects primarily the most abundant immunoglobulin in serum, usually IgG. Since IgG crosses the placenta the concentration of this immunoglobulin in the infant has been found to reflect the maternal IgG. IgG concentrations in the infant have been shown to Correspondence Recently, a method has been described to measure the x/); ratios of the separate immunoglobulin classes IgG, IgA and IgM and adult values have been published.Pv'' Since immunoglobulin levels and the total xiX ratio change throughout childhood age-related alteration in xiX ratio of the various immunoglobulin classes may be expected. Such reference values have not been reported hitherto, and age-matched controls are necessary. We describe reference values for total xiX ratio as well as for the separate xIX ratios for IgG, 19A and IgM for children and adults.
MATERIALS AND METHODS
Serum samples were obtained from 114 healthy children (94 Icelandic, 20 Dutch), aged from 1 month to 15 years. All the children had blood taken for other reasons and informed consent was obtained from the parents. Children with current or recent infections were excluded from the study as were all diseased children. All serum samples 3·5 3-5
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. Mean values and 95% confidence interval for an individual prediction for total xIA ratio according to age.
Mean values and 95% confidence interval for an individual prediction for IgG xIA ratio according to age. were previously screened for IgG, 19A and IgM and the total xl).. ratio was established using immunonephelometry as previously described.' Serum samples with abnormal immunoglobulin values were excluded from further study. Thirtyseven children were under the age of 2 years and 77 were between 2 and 15 years of age. Furthermore, serum samples from 20 healthy Dutch blood donors were measured. The separate xl).. ratios in polyclonal immunoglobulins G, A and M were measured using a solid phase 'sandwich' enzyme linked immunosorbent assay (ELISA).I5 Affinity-purified goat anti-human "Y, 01 or p. heavy chain antiserum was used to capture IgG, 19A or IgM, respectively, and a peroxidase-labelled goat anti-x or anti-X antiserum was used as a second antibody. Absorbance was measured at 492 nm and the concentration of the x and~light chains could be determined from a standard curve with ranges for total IgG, IgG x and IgG~from 0 to I U/L, for total 19A, 19A x and 19A~from 0 to 9 U/L and for total IgM, IgM x and IgMf rom 0 to 15 U/L, respectively.
Pooled serum from 500 healthy Dutch blood donors was used as standard. The IgG, IgA and IgM values were compared to the WHO standard 67-86 17 and to a standard serum from the Central Laboratory of the Dutch Red Cross Blood Transfusion Service (CLB HOO-02). As control serum another batch of pooled serum from 500 healthy Dutch blood donors was measured at three different dilutions which were expected to lie at different points on the standard curve.
Adult values were established in an earlier study by measuring serum samples from 20 healthy Dutch individuals." Adult mean values were furthermore established by measurements on a pooledserum from 500healthy Dutch blood donors.
Assuming an exponential relationship between IgG, IgA and IgM on one hand and age on the other, the best fitting curves were found with least-squares procedures and the 95010 confidence intervals for a future observation were calculated using NUN from the SAS-package (SAS/STA'f® , Version 6, SAS Institute Inc., 1990)
RESULTS
The total xl)" ratio and the individual xl)" ratios for IgG, IgA and IgM are shown in Figs 1-4 respectively. The figures show expected mean values and 95% confidence intervals for an individual prediction.
The IgG x/); ratio was found to decrease during the first 6 months of life and then increased throughout childhood to reach the adult value of 2·0 (Fig. 2) . The total xl). ratio showed a similar pattern to IgG xl)" ratio with a decrease during the first 6 months of life (Fig. 1) . The IgM xl)" ratio in infancy was found to be 1· 2, lind increased at a greater rate than IgG during early childhood (Fig. 4 ). Thereafter this ratio increased continuously throughout childhood to reach adult values of 1·7. By contrast, the 19A xl)" ratio in infancy was 1· 2 and decreased throughout childhood (Fig. 3) . The adult mean value for IgA x I)., ratio was 1· 1.
DISCUSSION
The regulatory mechanism for establishment of the x/); ratio is unknown. In view of the obvious difference in the xl). ratios of IgG, IgA and IgM, it is possible that the synthesis of the light chains for these immunoglobulins is stimulated or regulated separately. Immunoglobulin G accounts for the majority of the total immunoglobulins in human serum and the total x/); ratio therefore reflects the IgG xl)" ratio fairly well. As IgG is the only immunoglobulin crossing the placenta the ratio of IgG xl)" in infants is expected to reflect that of their mothers. This was ascertained in our study as we found the IgG xl). ratio of infants to be in agreement with that of healthy adults. Furthermore, as described for total xl)" ratio, we found a decrease in the IgG xl)" ratio in the first months of life and thereafter a slow increase. This indicates that the xl)" ratio of IgG synthesized in infants is lower than that derived from the mother, resulting in a shift towards a lower IgG xl)" ratio as maternal IgG disappears from the infants' blood.
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The IgM xl)" ratio follows a similar pattern except for the first months where the maternal IgM ratio is of no influence. Therefore the increase of the IgM xl)" ratio is steeper than that seen for the IgG xl)" ratio.
Interestingly, IgA xl)" ratio follows a different pattern demonstrating relatively more x-bearing immunoglobulins in infancy than later in life. Although the total IgA concentration is low in early infancy this does not explain the x-chain preference. The relatively high IgA xl)" ratio in early life may suggest that antigenic stimulation initially produces relatively more x-bearing IgA than later in life, in contrast to the situation for IgG and IgM. The explanation for this phenomenon remains obscure. It has been pointed out that certain antigenic determinants can stimulate an antibody response primarily producing either x-or )"-bearing immunoglobulins.U-P The total x/); ratio is high in certain autoimmune diseases,"! miscellaneous infections.t-" and in various immunological disorders,I,5,7 suggesting a relative light chain restriction in these diseases. In addition, the production of light chains induced by a certain stimulus has been documented to show a definite x preference in IgA in a number of individuals. 12 This preference was not noted for IgG or IgM. 12 One can therefore speculate that in early infancy, when skin and gastrointestinal tract are being colonized, production of x-bearing IgA may be more stimulated than )"-bearing IgA, resulting in a higher 19A xl). ratio in early infancy. Later on, when secretory IgA and other defence factors for the surface membranes are developed, the relative production of x-bearing IgA may decrease. Throughout childhood, as IgG and IgM production are stimulated by various infections, these immunoglobulins not only increase in total amount but also in the fraction of x-bearing immunoglobulins.
Until now normal values for different polyclonal immunoglobulin light chains have not been established in children. As IgG xl)" ratio may overshadow the x/); ratio of the other immunoglobulins it is of importance to study the xl)" ratio of each immunoglobulin class separately. Our results provide a basis for the further investigation of this ratio in health and disease.
